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S H O R T  C O M M U N I C A T I O N  
The production of sporostatic  factors in soil 
S~mmafy 
Sixteen spe¢ies of fungi  were isolated f rom a park- land  soll. V¢hen inoculat-  
ed hack  into a steri]ized sample  of this soil three sporostat ic  factors,  acetal-  
dehyde,  n -p ropano l  and nonanoic acid were found to ac¢umulate  and the  
soll became inhib i tory  to the  germinaf ion  of tes t  spores. The level of inhibi t ion 
recorded could be explained whol ly  in te rms  of the  prevai l ing levels of the  
ident i f ied sporostat ic  factors.  
Introduction 
An inhibi tor  of fungal  spore germinat ion  has been widely  repor ted  in soll, 
and has been a t t r ibu ted  var ious ly  to lack of nut r ien ts  and to the  presence of 
germina t ion  inhibitors.  L i n g a p p a  and L o c k w o o d  7 are amongs t  those who 
prefer  the  nu t r i en t  deficiency hypothesis  and L o c k w o o d  9 has poin ted  out  
t h a t  the  in te rp re ta t ion  of indirect  methods  of assay for mycostas is  in soll is 
f requent ]y  compl ica ted  since the tes t  spores are r emoved  from con tac t  wi th  
the  soil, and the  use of carr ier  media  toge ther  wi th  nut r ien ts  leached f rom the  
tes t  spores can s t imula te  the  local ac t iv i ty  of an t ib io t ic  producers  (The t e rm 
ant ib io t ic  is used here as defined by  W a k s m a n  ~1). Thus these i l ldirect  
methods  do not  d iscr iminate  be tween  the  pre-exis tence of an inhibi tor  in soll 
and its p roduc t ion  dur ing the  assay period. Whi l s t  these cri t icisms are valid,  
m a n y  authors  have  demons t ra ted  inh ib i to ry  ac t iv i ty  in ex t rac t s  of soil 1 2 3 5 
s 10 17 10 22. Moreover ,  i t  can be shown t h a t  soll contains  sufficient  nut r ien ts  
to suppor t  the  germina t ion  of a wide range of fungal  spores 2 6 7 13. I t  seems 
likely, therefore,  t h a t  ma jo r  impor tance  should be ascribed to ant ib io t ic  
substances as causal  agents  in the  inhibi t ion of fungal  spore germina t ion  in 
soil. 
P a r k  12 has reviewed evidence t h a t  the  inhibi tor  in soff is of microbia l  
origin. Unfo r tuna t e ly  this evidence is c i rcumstan t ia l  and the  present  work  
outl ines an a t t e m p t  to obta in  di rect  evidence for the  produc t ion  of sporosta t ic  
factors  15 in soil. Previous  work  has emphasized the  s imi lar i ty  be tween  the  
inhibi t ion of spore germinat ion  in solls and sporostasis in l abora to ry  cul tures  
of fungi  4 14 16, SO i t  seemed logical to look in soil for those factors  cont r ibu t -  
ing to sporostasis in l abora to ry  cultures.  
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Materials and methods 
Three  1-kg samples of soil were obta ined  f rom an open-canopy wooded 
area conta in ing ma tu re  trees of Acer Pseudoplatanus L., Fagus sylvatica L., 
Quercus Robar L. and Tilia vulgaris Hayne ,  in the  Ba rne t t  Demesne,  Belfast .  
Fungi  »vere isolated f rom the  soil by  Warcup  plates  2o and soil-dilution 
(1:5000 w/v) plat ings using rose-bengal  agar. is The  fungi  were subsequent ly  
ident i f ied in pure  cul ture  on ei ther  Oxoid Czapek Dox  agar  or Oxoid  po ta to  
dext rose  agar. 
The  soll samples were sterilized by  au toc lav ing  for 20 min  at  15 psi. One 
of the  soil samples was placed over  a glass s inter  and leached by  passing 28 
1 of sterile distiIled wate r  th rough  i t  for a period of 8 h. Af ter  leaching, the  
sample  was al lowed to air d ry  to 1 kg a t  room tempera tu re ,  and the  c rumb 
s t ruc ture  of the  remaining  two soil samples was adj usted to m a t c h  t h a t  of the 
leached soil as closely as possible. 
The  fungi  which had been isolated f rom the  soil were then  inocula ted back 
into  the  leaehed and one of the  unleached samples. To faci l i ta te  this,  the  
fungi  were grown on washed and au toc laved  'Cel lophane '  p laced over  Czapek 
Dox  agar, then  single colonies (5 cm diameter)  of each of the  isolates »vere 
peeled oft the  'Cel lophane '  film and mixed  into the  soil sample.  Ttle two in- 
oculated soils, toge ther  wi th  the  sterile control  sample  were incuba ted  a t  
204-2°C for 3 weeks. Af te r  this period the  level  of inhibi t ion of spore germina-  
t ion in each of the  soil samples was es t imated  by  placing on thei r  surface 
str ips of washed and au toc laved  'Cel lophane '  l ight ly  dus ted  w i t h  the  conidia  
of Cunninghamella elegans Lendner .  
At  the  same t ime  S00 g of each soil sample  was analysed for the  presence of 
var ious  sporostat ic  factors  known to occur in l abora to ry  cultures of fungi  4 14 
The soil was first  shaken wi th  250 ml of disti l led watet ,  f i l tered using W h a t -  
m a n  no. 3 fi l ter paper,  and then  centr i fuged at  3,000 g for 10 min.  The super- 
n a t a n t  was examined  di rec t ly  by  gas-liquid ch roma tog raphy  as described pre- 
viously 14. The  combined  residue f rom f i l t ra t ion and cent r i fugat ion  was ex- 
t r ac ted  l ive  t imes  wi th  1 1 of pe t ro leum ether  (40°/60 °) which was subse- 
quen t ly  reduced to dryness,  me thy la ted ,  and analysed by  gas-liquid chroma-  
tog raphy  as described elsewtlere a 
Results and discussion 
The following fungi  were isolated f rom the  soil : Rhizopus arrhizus Fischer,  
Rhizoctonia solani Kuhn,  Cladosporium herbarum (Pers.) Link  ex Fr. ,  Absidia 
spinosa Lendner ,  Chaetomium globosum Kunze  ex Fr. ,  _Penicillium clavi[orme 
Bain,  P. [requentans Westl . ,  P. brevicompactum Dierckx,  A spergillus fumigalus 
Fres.,  A. [lavus Liuk  ex Fr. ,  Fusarium graminearum Schwabe,  F. solani 
(Yiart.) Sacc., Trichoderma viride Pers. ex Fr. ,  Stemphyliu«¢~ macrosporoideum 
(Berkeley & Broome) Sacc., Alternaria humicola Oudem.,  Aureobasidium 
pulIulans (de Bary) Amand.  W h e n  these were inocula ted  into sterilized soil 
samples, aceta ldehyde,  n-propanol  and nonanoic  acid were de tee ted  af ter  
21 days  incubat ion,  and the  germinat ion  of tes t  spores of C. elegans was 
s ignif icant ly  re ta rded  in these soils compared  wi th  t t la t  recorded in the  sterile 




Sample % germination at: Concentration (ppm v/v) of: 
3 h 24 h 48 h 72 h Acetal- n -  Nonanoic 
dehyde Propanol Acid 
Sterile 








0 10 64 97 5.2 3.2 0.9 
(0, 4) (4, 19) (54, 73) (92, 100) 
0 6 70 100 5.0 3.4 1.0 
(0, 4) (2, 14) (60, 79) (96, 100) 
Figures in brackets represent 95 % confidence limits. Error in determining concentrations 
= ± s % .  
Thus ,  t he  i n h i b i t i o n  in these  soils is assoc ia ted  w i t h  funga l  m e t a b o l i t e s  which  
h a v e  been  shown  to be  i n h i b i t o r y  to  spore  g e r m i n a t i o n  w h e n  assayed  indi-  
v i d u a l l y  and  to  c o n t r i b u t e  to  sporos tas i s  in  pu re  cu l tu res  of fungi  4 14. 
Moreover ,  w h e n  ace t a ldehyde ,  n - p r o p a n o l  and  n o n a n o i c  acid were added  to  
t h e  s ter i le  s a m p l e  ag t h e  levels  r ecorded  in t h e  inocu la t ed  soils, t h e  level  of 
i n h i b i t i o n  of spore  g e r m i n a t i o n  w h i c h  re su l t ed  was n o t  s ign i f i can t ly  d i f fe ren t  
f rom t h a t  in  each  of t he  i nocu la t ed  soils (see T a b l e  2). 
TABLE 2 
Sample % germinätion of spores of C. elegans at:  
3 h 24 h 48 h 72 h 
Sterile Soil 100 
(96, 100) 
Sterile Soll 
+ aeetaldehyde, 0 : 8 73 98 
n-propanol, (0, 4) (2, 16) (63, 82) (93, 100) 
potassium nonanoate 
Figures in brackets represent 95% confidence limits. 
This  suggests  t h a t  ace t a ldehyde ,  n - p r o p a n o l  a n d  nonano ic  acid could,  
u n d e r  some condi t ions ,  f u n c t i o n  as spo ros t a t i c  fac to rs  in  soff. Poss ibie  mech-  
an i sms  for  t he  p r o d u c t i o n  o f n o n a n o i c  acid in  soil h a v e  been  c i ted  in an  ear l ie r  
p u b l i c a t i o n  4 a n d  a c e t a l d e h y d e  h a s  p rev ious ly  been  r epo r t ed  in s0il 16 
L i n g a p p a  a n d  L o c k w o 0 d  7 h a v e  a rgued  t h a t  spo ros t a t i c  fac to rs  are  
fo rmed  in soff in  response  to n u t r i e n t s  l eached  f rom funga l  spores  or o the rwise  
a d d e d  to t h e  soiI. The  presen£ work  ind ica t e s  t h a t  n u t r i e n t s  l i b e r a t e d  d u r i n g  
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the  s te r i l i za t ion  of soil IIeed n o t  s u b s e q u e n t l y  resu l t  in  a n  inc reased  p r o d u c t i o n  
of spo ros t a t i c  factors.  F u r t h e r m o r e ,  even  t h e  low level  of n u t r i e n t s  p r eva i l i ng  
in  a l eached  soil is a d e q u a t e  to  p e r m i t  t h e  p r o d u c t i o n  of spo ros t a t i c  factors ,  
E a c h  of t he  fac tors  ident i f ied  here  ha s  also been  found  to  be  i n h i b i t o r y  to 
h y p h a l  g r o w t h  of t he  fungi  l i s ted  above ,  a l t h o u g h  t h e  c o n c e n t r a t i o n s  re- 
qu i red  for s ign i f ican t  effects  were offen r e l a t ive ly  high.  However ,  a solut ioi i  
of t he  t h r ee  fac tors  a t  t h e  c o n c e n t r a t i o n s  assayed  in t h e  u n l e a c h e d  inoeu la t ed  
soil (see Tab le  1) caused  a s ign i f ican t  decrease  in t h e  h y p h a l  g r o w t h  r a t e  of 
all  of t h e  species descr ibed.  Thus ,  these  spo ros t a t i c  fac tors  could co i i t r i bu te  to  
t h e  more  genera l  p h e n o m e n o n  of mycos ta s i s  in  t h i s  soil. I t  is n o t  sugges ted  
t h a t  these  Iac tors  a lone  will exp la in  mycostas is ,  or even  sporos tas i s  in  soil. 
P r ev ious  work  ha s  e m p h a s i z e d  t h e  i m p o r t a n c e  of a v a c u o l a t i o n  fac to r  in  
sporos tas i s  in  l a b o r a t o r y  cu l tu res  1« and  since a v a c u o l a t i o n  Iac to r  is wide ly  
d i s t r i b u t e d  in soils la i t  seems l ikely t h a t  i t  could  c o n t r i b u t e  to  sporos tas i s  
there .  O t h e r  factors,  as ye t  u n k n o w n ,  m a y  also p r o v e  to  be  i m p o r t a n t ,  t t o w -  
e re r ,  i n  v iew of t h e  widespread  a n d  genera l  occur rence  of s imple  funga l  m e t a -  
bo l i tes  such  as ace ta ldehyde ,  i t  seems reasoi iable  t h a t  cons ide ra t ion  shou ld  be  
g iven  to  such  c o m p o u n d s  as causa l  agen t s  in  soil mycos tas i s .  
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